Very recently, the LHCb collaboration has reported the new result about the hidden-charm pentaquarks: Pc(4312) near theDΣc threshold, and Pc(4440) and Pc(4457) nearD * Σc threshold. We study the heavy quark spin (HQS) multiplet structures of these newly Pc pentaquarks under the heavy quark spin symmetry based on the hadronic molecular picture. We point out that Pc(4312) is the J P = 1/2 − member of an HQS triplet, and Pc (4440) and Pc(4457) are the J P = 3/2 − member of the HQS triplet and an HQS singlet with J P = 3/2 − . Namely, the Pc(4312) and one of Pc(4440) and Pc(4457) belong to an HQS triplet. The HQS multiplet structure predicts the existence of J P = 5/2 − state nearD * Σ * c threshold.
I. INTRODUCTION
In 2015, the LHCb collaboration observed the two candidates of the hidden-charm pentaquark, P c (4380) and P c (4450) [1] [2] [3] . Before the LHCb observation, some theoretical studies of hidden-charm pentaquarks were done [4] [5] [6] [7] . The discovery of P c pentaquarks have further stimulated the study of the pentaquark. In particular, the hadronic molecular interpretation [8] [9] [10] [11] [12] [13] [14] [15] is very famous because the masses of the P c pentaquarks are slightly below theD thresholds. There are also another explanation by the compact pentaquark [16] [17] [18] [19] , baryocharmonium model [20] , quark-cluster model [21] , meson-baryon molecules coupled with five-quark states [22] , and so on.
Very recently, the LHCb collaboration has reported the new result about the P c pentaquarks [23] . There are three narrow peaks, P c (4312), P c (4440), and P c (4457). Their masses and widths are 
It is very interesting that a narrow peak of the P c (4450) in the previous result [1] [2] [3] splits into two peaks ; P c (4440) and P c (4457). Their masses are close to theD * Σ c threshold. Moreover, there is a new narrow peak of P c (4312) near theDΣ c threshold. It is very natural to interpret that the P c (4312) is theDΣ c molecule and the P c (4440) and P c (4457) areD * Σ c molecule. Several discussions have already been made on these new pentaquark states [24] [25] [26] [27] [28] The new result will be an important clue to understand the heavy quark spin symmetry (HQSS) [29] [30] [31] [32] [33] . The degeneracy of the single heavy hadrons is well known. For instance, the mass difference between K and K * is about 400 MeV. On the other hand, the mass splitting between D(B) and D * (B * ) is about 140(45) MeV. The masses of the two hadrons with the different spin tend to degenerate as the quark mass increases. The single heavy baryons like Σ have same tendency. This is called the heavy quark spin (HQS) multiplet structure. There are also the studies of the HQS multiplet structure of multi-hadron system with a heavy quark like heavy meson-nucleon molecular states [34, 35] .
In this paper, we discuss the HQS multiplet structure of new P c pentaquarks. The HQS multiplet ofP ( * ) Σ ( * ) Q molecular states has been studied in our previous works [36, 37] . TheP andP * denote heavy mesons of J P = 0 − and 1 − with an anti-heavy quark, and the Σ Q and Σ * Q denote the heavy baryons of J P = 1/2 + and 3/2 + with a heavy quark. We have defined the light-cloud spin (LCS) basis to deal with the HQSS for doubly heavy quark system and classified the HQS multiplet structure of the P c -like pentaquarks. We apply the analysis of the S-wave molecular states [36] to the new P c states. This paper is organized as follows. In Sec. II, we show the HQS multiplet structure of the S-waveP ( * ) Σ ( * ) Q molecular states. The theoretical interpretation for new P c states is given in Sec. III. Finally, we summarize this paper in Sec. IV.
II. HQS MULTIPLET STRUCTURE OFP
( * ) Σ ( * ) Q
MOLECULAR STATES
In this section, we show the HQS multiplet of S-wavē
Q molecular states following Ref. [36] . The possible spin states and meson-baryon components are shown in Table I . Their spin structures in the hadronic molecule (HM) basis are given as Q molecular states with given J P . 2S+1 LJ denotes the total spin of meson and baryon S, the orbital angular momentum L, and the total angular momentum J.
where the Q q s1 is aP ( * ) Q . Next, we define the LCS basis to deal with the HQSS. The spin structures in the LCS basis are written as follows :
There are four HQS multiplets for S-wave molecular states. The basis transformation is done by
where the U J P is a unitary matrix determined by the Clebsch-Gordan coefficients to rearrange the spin structure. The wave functions and transformation matrices for each J P are given by as follows :
In our previous study [36] , we constructed one-pion exchange potential (OPEP) to determine which multiplet have an attractive potential. As a result, the J P = 3/2 − singlet of Eq. (6) and the J P = (1/2 − , 3/2 − , 5/2 − ) triplet of Eq. (8) are attractive when we assign g = +0.59. We apply these HQS multiplet structures for the newly observed P c pentaquarks in the next section.
III. THEORETICAL INTERPRETATION FOR NEW Pc STATES
In Sec. II, we show the HQS multiplet states in the LCS basis. These states can be written by the superposition of HM states.
For
The component ratio is determined by the square of the each coefficient. We summarize the ratios in Table II . 
Focusing on the |triplet 1/2 − state, the main component is theP Σ Q molecular state. In charm region, the threshold value of theDΣ c is about 4320 MeV. It is natural to consider that |triplet 1/2 − corresponds to the P c (4312). In fact, we have obtained a bound state of |triplet 1/2 − in our previous study [36] .
For J P = 3/2 − , the |singlet 3/2 − and |triplet 3/2 − are the admixture of three and two states, respectively. We did not get any solution aroundD * Σ c threshold [36] because we calculated only bound state solutions. It is needed to search poles of resonance states in the complex energy plane using e.g., the complex scaling method. We expect that two Feshbach-like resonance states, |singlet 3/2 − and |triplet 3/2 − , exist aroundD * Σ c threshold, and the one is the P c (4440) and the other is the P c (4457).
For J P = 5/2 − , only one state exists aroundD * Σ * c for S-wave molecular state. This is very interesting state as a third partner of the HQS triplet. However, D-wave decay is necessary because S-wave J/ψp can not couple to the 5/2 − state.
IV. SUMMARY AND DISCUSSION
In this work, we studied the HQS multiplet structure of P c (4312), P c (4440) and P c (4457), which are newly reported from the LHCb collaboration. We focused the J P = 3/2 − singlet and J P = (1/2 − , 3/2 − , 5/2 − ) triplet which have the attractive potential under the OPEP.
The J P = 1/2 − is attractive only in the state belonging to the HQS triplet. The most natural interpretation is that this state is corresponding to the P c (4312).
The HQS singlet and triplet are attractive for
, and the latter is a mixture of mainly thē DΣ * c andD * Σ c . It is considered that the P c (4440) and P c (4457) can be obtained as the resonance state of the two multiplets. In our previous work [36] , |singlet 3/2 − and |triplet 3/2 − are degenerate at the heavy quark limit. However, |singlet 3/2 − state is slightly heavier at the finite quark mass by the breaking effect of the HQSS. Therefore, the P c (4457) may be the HQS singlet state. In order to investigate these states, it is necessary to investigate poles on the complex energy plane precisely.
The J P = 5/2 − state of the HQS triplet is very interesting as a strong evidence to verify the HQS multiplet of hadronic molecule. We expect that there exist aD * Σ * c bound state below its threshold. The spin and parity are not determined in the LHCb report. Then, the other J P assignment can not be excluded. The information of the spin and parity of P c pentaquarks is very useful clue to understand the HQS multiplet structure of hadronic molecular states. At the same time, searching the missing HQS partners is also an important task. We expect to see more details in the future experiments. 
